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2LV K2R 24 BE, YLVE & 330045)

7 E: (B8] DS 2F AT i FI17-4 X 290 IR 0 g BORMMEIER, hitm L AEDifER, PR FI17-4 KB
BRI . [AE] LIRREWN ODGOO{E;%JWME b1, SR FH B DR 25 00 1 A8 R B8 Ty 9k ot 42 I 5 5 5 AR A2 W 4% 2 AT
R, A5 A R B IR AR R B RT3 — 20 XA G R TR ) T A fﬁ)?lﬂﬁﬂ%@%ﬂ%m#%k% Ly
%Lmﬁ"xﬁuﬁﬁf [#R] Hk FJ17-4E@m4$iﬁ3%%ﬁaﬁﬁi&SQ%12.5 gL', FEKH¥50gL". KHPO, 125
gL, MAERMEME N WIth pH 7.0, FEFRIEEE 30 °C, W E 20% (50 mL/250 mL), 3P 12.5%, %3 180
rmin ', KRG R ] 40 he DGR S % VA ODegg 1R B KU 43 B 1.52X10°, 1.03X10" cfumL ', HeAR AL AT
3R R T 25.62% F 21.95%, 50 4% D0 Ak S T W X 90 L T TR 2 A A 0 o 3R 0 3 P 4 B IR BOR 43 i D 42.35% F
72.14%, WARALTHT S BIEE S T 56.38% 1 13.46%. [ 4518 ) thAb)E & B bE 7% 5 R K % 4% 1A 208 i TR Bk FIL7-4 1 &
B, BRAR T R BEALAS , WFSE 45 51 Ry DL ST 28 AT B8 FI17-4 19 FF S A Tl Ak AR 7= B o R AL T BV 4K 4 .

KRR DUSENTZRIOAT I, RMERRIREL; RWEAM; fhik

FESES: S435.72 XERFRRRS: A TEHS: 1008-0384 (2022) 10-1335-09

Optimization of Bacillus velezensis FJ17-4 Fermentation
LAN Chengzhong'”, LIN Xiong', GAN Lin', DAI Yuli|, LIU Xiaofei', YANG Xiujuan', JIANG Junxi’"

(1. Fujian Engineering Research Center for Green Pest Management, Institute of Plant Protection, Fujian Academy of
Agricultural Sciences, Fuzhou, Fujian 350013, China; 2. College of Agronomy, Jiangxi Agricultural University,
Nanchang, Jiangxi 330045, China)

Abstract: [ Objective] Fermentation of Bacillus velezensis FI17-4 known with a high inhibitory activity against several
pathogens was optimized for potential application as a biocontrol agent. [Methods] Spectrometric measurement at ODgq of
the fermentation broth was used as the index for evaluation. Culture medium and conditions were optimized by single factor
and orthogonal experiments. Bacterial quantity, pathogenic inhibition, and indoor potted control effect of the optimized
fermentation product were determined. [Results] The optimized FJ17-4 fermentation used a medium that consisted of 12.5
g-L7l soybean meal, 5.0 g~L7l corn flour, and 12.5 g~L7l potassium dihydrogen phosphate at an initial pH of 7.0 to ferment a
liquid loading (medium volume) of 50 mL with an inoculum size of 12.5% for 40 h at 30 ‘C in a 250 mL flask that rotated at a
constant speed of 180 r'min '. The ODy, of the optimized fermentation broth was 1.52 representing a cell load of 1.03X10'°
cfu~mL71, which were 25.62% and 21.95%, respectively, higher than those prior to the optimization. The inhibition rate on the
mycelial growth of Fusarium oxysporum f. sp. cucumerinum and the indoor potted control on cucumber fusarium wilt of the
50X optimized fermentation broth were 42.35% and 72.14%, representing 56.38% and 13.46% increases, respectively, over
the original. [ Conclusion] The FJ17-4 fermentation was significantly improved by the optimization. An operational cost
reduction was also achieved.
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(W58 2 XY ZFH0FFE ( Bacillus spp. ) J&—35]
AT HRA, XN HE LR R ERS
VIR A S MAEY , R R XS SRR A . B
T AR . BB ™ AR BT M R ) 2R AT R A A
Mo T I ZE AT I B IR B TR 2505 A R oh 3
B, ZEFLFT R AT ZEAE AR PR g | AR FR 3R TH sl AR
VR E TR, 38 3 50 R R Y A AR B
YT . o3 WA A ) A R R B B )
a5 AT ) B A R SRR DG e PR B AR O S, fdAE
Y= A B, DT Ik B A BB TR A 2= A AR H
B, ZEAFF B O R A Y E AR W B i Y R R
U U W e T R R R T S A e 5 A
A IR 25 AT T AR 7 6 00 = 8500 R B o A, X 4
mERAEN R I A EEE L, (AT AR ] I
M ZE AT ( Bacillus velezensis ) 2 2F f0FT 1 J&
[ —F, 2005 4F 1 75 BE F B} 2 K Ruiz-garcia 25 3
YR — Z R Sy DL S 37 I SR A 1) 357 S K R i v 4 5 3R
5o AR R 58 N 3 A [A] AR S I B vh 43 35 3K
19T Z PR EAT N EL R DUSERT 2R FAT 1, X 2L
BRAER P I T e A ) A R R R R T T
b 2 AU 4 2 Ol E R Y. HAT, A en
WA R RO AR LZRE, Xy
PRI, 35 DS 2R FAT T CY30 A& IRy 3% 77 2k
NH R 3735 gL BEREEF 1529 gL, IRALIE B
F5 3 0 2 R AR AL TR 5 T 53%. T 4
SR, DUSERT ZEAOFT B TCS001 H5efd: A i 5% 77 F i
Jr R 125 L, HEEAM 100 gL, FRBETF
40 gL BRI 1.0 gL' BRAER IS A IR TS
FEHFA] 16 h, 40% %W i, 3% Hefh it (fRBLLL ),
U6 pH7.0, JREE 25 C, i 164 rrmin |, K R
() 36 hy B (A R 16 M B0 50 E & B0, LAk e &
T X5 S B T R T K 90.9%, i AR AR I T I 06
R, oAb s AW B TC K 85 9 o B 110 46 2325
74.7%, HHALRTIRE T 36.9%. e pst v
7N, ULSENTZR AT B HC-8 fefd &k b 3 5 00 2R
P 5.0gL ', BERER 250 L, FHM 100gL
W AE R TS I 37 °C, WA pH 6.0, #%k
180 r'min ', R 0.100%, ¥ i 20 mL/300 mL,
Kigeib ] 48 hy AL R T, HC-8 BEHEXT 149 1
g3 A LT & P R 83.15%, i m TR AL AT
[ 74.65%, XTOSTEE I TR | M RRE R AN SRk D TR
BRI B 3 B 60.66% . 59.03% Fll 65.32%, 13

& TALET Y 54.31%. 55.24% #1 59.17%., [ABI5E
DI Y BT DL 380 28 60 KT 1A AN [+ 181 ik 6] K 19 B 5%
FEN K T 2% A O SR ORI R] R WAL % 22 ) A
PR R 225, R WA AR5 J2 S 26 ) R ke 1l kg
PRI 1 06 28 2 8% o DL ST 25 J6 KT 1R FI17-4 2 A B
FE TN B AR B 48 rp 43 88 B 1Y 1 AR 6] 2 TG 28
I . BTVEE R RN = b R B A5 1R v LA AR B A
AL R TR, (A4 I8 PR 1 & B4 AR A Ry lf—
AT, [RS8 ] DL & BT ODggo 5
JAE bR, SR B PR R I SR 6y 1R 6 B AR FI17-4
K Wb 75 HE RN & W SR R AT IR R AN AL , e
S e B 7% e AR G 7 MR AR R AR, JERHEAR S
T B 5 VR TR R B L DA A R RN D AR BT VA AL
SEEAT I FVEAL , DU i s Ak I 24 Sy 2R B 1A
FA 7 0N R AR AR S %
1 #HH57*
1.1 REMR

BER B PR . DL SEIT 2R AT B FI17-4 20 3 iR
HMARBR 4, H TR 2205 18 FOC-1 43 B8 [ B A
ZH R IR RARAR S, DAL B AR B AR T A s Al
BB P 52T

FEmiE I (LB): BEEEH R (Tryptone) 10 g,
HAAL# (NaCl) 10 g, FEEEHEHUY ( Yeast extract)
5¢, ZEMWI/K 1000 mL, pH 7.0, [ & LB hnEfis 8
17 g

DA EH AR R R (PDA): DR E
200 g, H%HE20 g, BUEM 17 g, ZEMRIK 1000 mL.

KGRI Y ALy 2P M. A
BEOREME . EOKRB RIRT MR MR IR EK
(NHy),S0,. B GH . FWHE . SURAI; MgCl.
Ca(NO;),. K,HPO,. ZnSO, Fll FeSO,-7TH,0 HTHLE: .

U B IR 7 BT A EEAF 4 500 KT Ak
A BB G SR TE T, W AG M.

B2y 98% MER R kil (KEEiisk &
R TABRATR, PD20190146) W ({4251,
1.2 WA E
1.2.1 #-Fikeh s & MR FI17-4 16 105 R
T34 100 mL LB ¥R 09 250 mL =i, & T
28 °C, 180 rmin BB IR, M6 h
66 R (UV-1800PC, | 26 1% ik [ #8 A R 2
A ) X R BE Y ODgoo (EHEATIN A, LABE SRS ]
AR, ODgoo [E AR, 2 FI17-4 KR L.
122 XNMERA»LBTEFki4 Al
JNHG 2295 B FOC-1 27 F PDA V-4, 28 C &S 1T
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LB NEMFHRAH FIT-4 REEIEF A o KBS HEAL 1337

F25d, SRIGTER AP TR 22 (- A b A & (9 JC
K, HUEEACR AT, SRR g e 1 E
9oa S DA A A AT B TRV, T PR KR T B VR R
BT & 8 10° A -mL ' 41,

123 ®ANEREF  AHF IR AT H8 X5 X
JEF2=18 cm X 15 cmX 12 cm BYAE 25, 15 AP 1 1 2
2 HM SR RITG, R 20k, WK E 4 FE
.

124 iRAKRKEEIESR W09 55k HHRAL

1241 KEERFRIEP C. N, THLERME  ids
HERC 7 1Y LB WA KG S 5VE 0T B, s LB R A 35 77
Sop BRI CRRIED) R (5.0l ) M
FUIAVEVERY . 2 M. RIATHE . SRR REMEREOK
¥y, WA AN ERR IR 0 K R SR, B 250 mL = A
% 100 mL, %M 5% Fp R &, 4 FI17-4 Fh 1
W TR IR IR R BEG SRR, 28 °C, 180 rmin
BRI % 24 h, D8 K& 8% RV W ODgg fH,
3, el EAE C . RIS R (10gL )
JRZ . #EH# . (NH),SO,. FHE . Tt LB
KR s R R B MR CEOIR ), & e N 2% 14 TR
CURTEYE, et ERIR. AR (100gL )
ZnSO,. FeSO,7H,0. K,HPO,. MgCl,. Ca(NO;),
OB LB 15 37 36 b 19 NaCl (JGHLER ), & M I I 4%
PRI C WA, O e A oL

1242 WRKEER:FR3E C. N FICHLER D Hefi 1k
AR Co NIRRT HLER 0 8 5008 i S il b iEAT 2
K IEZMHT, BFFE C. N FIEHLER 3 4414 i e fd:
fit bt o

125 KEEA#RiL 5HAL

1.2.5.1 wihs pH e DA tiAb s i s 3 364
WAk KR S5, WEWH pHN 55, 6.0, 6.5,
7.0, 7.5 F18.0, 250 mL =% 100 mL & R
B, PR R 5%, 280 rmin ', 28 C, ¥
REEREFR 24 h, BEAACHEE 3 KE R, MG & B
W ODyoo ., 5 FefE pH.

1252 KERIRETGE 00 E kBRI BRI G
pH J& , 4 % e B il B2 O 25.00 27.5. 30.0,
32,5, 350, 375 °C, HUKK: AR LN 1.25.1,
i 1 e A2 e R B N Ik

1.2.53 FhF iR FE6f 0 & B R 5 {F pH Al
REEREE, i F M ERE N 50%. 7.5%.
10.0%. 12.5%. 15.0% F1 17.5%, HAKKE % & W07 1%
[ 1.2.5.1, FiikimfEdEfa.

1254 WL AE0fE B fE pHL RN TS A
Pl R RS, 250 mL = ff ik B R

50, 75. 100, 125, 150, 200 mL, BE&RE 35 & BT
B 1.2.5.1, ik i SRR

1255 FEIREHGH L 7800 S fE pH. S0 i
L EEMEMERES, FEEE N 100, 120,
140, 160, 180. 200, 220 rmin ', HMK;F &)
A 1.2.5.0, Gl E i .

1256 KEERTEIPLIE  FE A0 B AR pHL RO IR
FE . AR MBS, KRR IR E
h 16, 24, 32, 40, 48, 56, 64, 72 h, HEA4AbHEE
3WREE, WRIEAF AL ODgqp T o B 2 R TR 8% 55
]

1.2.6 KB RAN

1.2.6.1 BFERBCREME KRR FI17-4 K ER R A
J5 TR W RN LAl 3 5 B A B (SO 454 R) 1.2.4.1)
B 10° A5 )5, 20 BIWL I 100 pL 3 F LB V4R h iR
M, 28 C BGH:FE 24 h, AT BEIES, i
I3 AR I S T R R il i 3 e 2 B b o A
25

1.2.6.2 THL/ERKIMBIBCERME Wbk FI17-4 KB
F4°C, 10000 rmin ' &L 10 min, FJZHBIHLR
0.22 um BIBERIS BE, AHEI TR TR . B G B TR
PRV H1 25 K2 50 °C 19 PDA K5 9% 5 b il 4 &
TCH IE WM 1% F1 2% B9-F-# (100 mL PDA i 5% 5
I 1T mL A2 mL TCHEEW ), DAAS & JCH U8
W) PDA Mk 2s FIXT R, K E AR N 5 mm 1Y FOC-1
W22 B NP g, 28 °C B &SR, SdUE
S sk A [ T R S AR, Y
BT DL A 5 24 T RN B il 355 37 66 & I W 6 FOC-1 T 22
AR

1.2.6.3 70 A 0 F W & A0 ROCR A T W ERGE A
1.2.6.2 Hil & B L IE R 5 1.2.2 il % &) FOC-1 i1 &

TER G, BHRA S BRI I T M R, 28 C ]
W9, 24 h )5 TO65 WBEE T~ WL | 0 w451

RRCR, T ICEIE R 50 %A1 100 5% FOC-1 43 £
78 & A I RO

1.2.6.4 FEWNERBTIABOERIEAT R HBERIEF L,
122 # % ) FOC-1 fil 7 BIF LR F 123 5 &
(0 B N AR, BERRAEFR 20 mL. %05 AL KR 43
H S AL, SERISBIDERE 10 fER AL 5 R . 50 5L
1JE R . 2000 175 98% WEHE 7 Al M . 50 £ 3k
Tilt 15 77 2 % BEROR TS /K (XFHR ), BBk A 20 mL,
A B 1) 7 AR U T S AR E KM, R4 28 ¢ LU
b, BREAK2W, 5dIEHRET IS i
A RAR R, BT o M AS [R) A B0 6 TR 2595 1Y)
ViR E
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1.2.7 #%¥EHT 594 R Excel 2007 ZA: 5 K
TG, I DPS 6.0 #4474 i 4 A
ASTe] b B A] Y 25 5 2

2 ZER55H

2.1 Bk IF17-4 £ KHh%

ME TR LVE AR FI17-4 4 K5 4 A4S
W 0~6 h WS AKE, 6~30 h Ry X 54 K,
30~42 h Wb A K, 42~48 h WA K IR . %8
AR TR T | T IRER, R, dRBUESR 24h
i 114 TRV R D o
14 ¢
1.2
1.0
0.8
0.6 +
04
02

0

0Dy, 1E ODy,, value

0 6 12 18 24 30 36 42 48 52
140} 7] Culture time/h

1 ¥k FI17-4 B4 KBl 2k
Fig. 1 Cell growth of FJ17-4

22 mEKRRE. RIREMIHETEE

h& 2-A, B, Ca[%l, FI17-4 K 24 h J5fEA
)R . U R JC AL R 35 57 B v (1 ODgo fH 25 A AH
[l . FI17-4 76 B R B E R 85 3% 3L C IR Y ODyggo H i
K, M133 (K2-A). FI17-4 7EJRE . (NH,),S0,. #
T AT DR AR YRR D B AR NI
[ ODgoo {23510 0.72, 0.64, 1.43, 121 fi11.12, 4
B N R ODygg (IR (E2-B) . FIFH MgCl, .
Ca(NO;),. K,HPO,. ZnSO,. FeSO, 7H,0 1% LB i
Fi 3 i) NaClE N AN [ JEHLER B, ODggo 1E. 23 31 4
0.39. 0.78. 1.26. 0.98 il 1.06, >4 K,HPO, K TLHLE:
B ODgoo fH e K (& 2-C). SR WIR, i H FI17-
4 KR AR C R . N IRFEHLER 205 Tk . B
SR HI K,HPO,
23 ABHEFRETREZYRESE LML

TE I 2 IS FI17-4 R BRI (KRB ) |
RIE (B ) FMIEHLE: (K, HPO,) BYFEAE I, R
I Lo3) X 3N & (B KH . # 5 MKHPO, ) HI
3K (3FpARFE &, % 1) HTIELEITHH,
A 2 4% 0 BB AE T 1L o Lo(3Y) 1 32 B 43 H7 45 4
(%2) R, RAAK, FUIN S5 A 5 m i
Ko Tk, BEERH K,HPO, 3 Ff K 25 () 32 I ¥
B G > oK > K,HPO,. 451 AH B 1K) ODgy

ODyy, fH ODg, value

ODyy, fH OD, value
Soooo S~
SR xoioR o

—_—
=3I RN

cooo
N B~ O 0

ODyy, fE OD, value

(=}

"

o A
< QO
@ G§ & %Qu
Q@
JeHLE: Inorganic salts

A: BRI, B: HIE. C: THLEE.
A: carbon source; B: nitrogen source; C: inorganic salt.
B2 AEC. NIRFEHNEIE K FI17-4 X BRI 00
Fig.2 Effects of C and N sources and inorganic salts on
fermentation of FJ17-4

H, WERma 4 A2BIC2, HI#EH 125 gL,
EXHB5.0g L. K,HPO, 125 gL,
24 EMEBEHMHRLER

TE I 8 AR AT I A K W B R LI Ak b, % 8% % 3
MGG pH. Bk e, % HORNIR B A DK 2R A T O 4 AN
it ¥EFREY G pH IS R B8 (K 3-A), @
¥k FI17-4 76 pH 4 7.0 i, ODgoo IR K, N 1.48, R
B A ) TR R FI17-4 R, BRI DL 7.0 R dad
#¥I4H pHo

TERAERIG pH 20T, FI17-4 56 5 0 K 77 25
SRR (B 3-B), ASIA) A il B2 TR bk A 1 52 e 4
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x1 EHREASHEXREERSKE
Table 1 Factors and levels of orthogonal test for culture
medium formulation

HRRER
-1
KT Content of each factor /(gL ')
Level T X —
A KW B: &M C: K,HPO,
Cornmeal Soybean flour
1 5.0 10.0 10.0
2 7.5 12.5 12.5
3 10.0 15.0 15.0

*2 BFEZEASHAUNERIKE

Table2 Orthogonal test on all factors of medium

A: KK B: EEH C: K,HPO, ODgyft

posi]
Treatments A: Comj]lleal B: Soybea:l C: KZHEO4 ODgo
/(gL) flour/(gL) / (gL ) Value
1 5.0 10.0 10.0 0.98+0.01
2 5.0 12.5 12.5 1.02+0.02
3 5.0 15.0 15.0 1.120.00
4 7.5 10.0 12.5 1.28+0.01
5 7.5 12.5 15.0 0.8610.01
6 7.5 15.0 10.0 0.961+0.02
7 10.0 10.0 15.0 1.030.01
8 10.0 12.5 10.0 0.95+0.01
9 10.0 15.0 12.5 1.060.02
K1 3.12 3.36 2.98
K2 3.16 3.12 3.12
K3 2.86 2.99 3.05
R 0.30 0.37 0.14
B IR
Ordf— i iriJll));)Tance B=A=C
KT
Opt?rflaﬁ :;VCIS A2 Bl ¢
bt A2B1C2

Optimal combination

K, FE25~30 C, Ffig BT+, ODgyo fELAH K
K, 30 CHFGRKE, M 142, 7E32.5~375 C,
ODygo fHBE & T FETH i 1 52 F Rk 3, I BE o i AN
FRBERN, Sk 30 °C e & BERE .

AN 7] 25 9 4k 42 I S 2 ODgoo {1 (1 3-C) W]
H, RWEEZE, KRN K) ODgg /N, T
Pk FI17-4 78 250 mL — )i th 29 &4 50 mL B (B
20% RV AL ) AR R, IR 20% R AR
W o

TE O 02 0 00 U pHL A 2 TR BE R0 2R Ak R
T, PR IR LR (K 3-D) IR, MR
ik 12.5% B, ODggo IR K, N 1.56, 12.5% N
B

FEIIE PTG pH . & IR | B it A ik
AT, AR IR EE H ODgoo (EFEFE — E 25 5
(8 3-E), 7E#E# 120~180 r-min ', ODyy, {H W % %%
A TE S TR A, % R 180 rmin | B, ODggq
K (1.46), 5 180 rrmin ' HHeiE F7 IR o .

KRR R LS R (B 3-F) R, Kl
FEIF [ 7E 40 h Z AT, AR W ODgo 18 B & A 18
B[R] A 3G i S P TR, KRR Y 40 h Z )5,
H: ODygo 1EL B F S5 17 Bisf [1) 9 SiE 4 S 17 T [, T AR K
Ji# 35 3% 40 h () ODggo fH A K (1.52), 40 h >N I #k i
e 2 P ]

I RN [R] K RN A AR IR, B kAR
TR FI17-4 B S L W N S5 00 46 pHT.0, &
BEIR B 30 °C, ZEWE N 20% (50 mL/250 mL ), 4%
Fliit 12.5%, %% 180 rmin ', 15 FEAY[H] 40 ho
2.5 REREEREM

FI17-4 J% W 15 57 He FUR W 2 A AR AL S R % 1 57
24 h TR ODggo fH M 1.52, KR (LB) &
PV ODgoo 10 1.21, Wi 2278k, ke %
1% I W TR Y ODyggo (B 5 FERE S F2 AL, AEHE
T, e T 25.62%. PLAK IS AW R T IS R
B, B (P<0.05) @& T FRIL LR, I
5 K T S T 3% B AR 1.03X 10" cfurmL
PO Bl 5 37 5 v 4 0 B A (0.85X10 cfurmL )
PET 21.95%.

FJ17-4 JC T A& I W F B A 22 % T FOC-1 T 242
ARG R (F3. B 4) BoR, JoH & BT
FOC-1 224 K BA — @ MEIfER, FOC-1 fEARE
JC W & BE W PDA Vil b AE K H AR 35 8.50 em B, &
WAL IR JC B & BEWORG % 10 519 PDA SF-H A B A2 N
4.90 cm, R B2 A KB IIHIZE O 42.35%, 100 R
10 5 3EAE (JRR ) K FRIETCHR & I PDA V-4 I
M EAE R 6.2 om, X P 224 KA Ky 27.08%, 1
b 5 T TR 2 T TR A 22 A A 10 0 ) 6 B R el i 7 3
TCTH BB T 56.38%, 1%k 50 2 6] 22 53 i 3%
(P<0.05).

B TR 25995 B 40 A 001 117 & 410 ok 06 &5 SR 2
(% 4), FI17-4 JC0H K BEIE N o3 A6 A F 05 & HA
BRI RIVE R, 50 R U4k J5 I PE & TR D RN S Al
15 % 55 TC B R T i VRT3 A 98 W R A 0361 R 4 )
h 85.32% F1 83.43%, MHIB R ZMEZERAEE (P>
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0Dy, 15 ODy,, value

55 60 65 70 75 80
146 pH Initial pH

a

1.7
;g 1.6 |C b b
S 1.5 |
ey d 2
a 13
© q2t
=1t
d8° 1.0 +
09 t
o
0.8 . . . . .
5.0 7.5 10.0 125 150 175
$BEFhE Inoculum concentration/%
1.6

ODann 15 ODﬁ()(] value
©

I
o0

100 120 140 160 180 200 220
3 Rotating speed/(r-min")

0Dy, 18 ODy,, value 0Dy, 15 ODy,, value

0D, {fi ODy,, value

1.6
14 t
1.2 +
1.0
0.8
0.6

0.4

1.6
14 t
1.2 +
1.0 +
0.8
0.6

0.4

1.8
1.6
14 t
1.2 +
1.0
0.8

0.6

250 275 300 325 350 375
/% Temperature/ °C

50 75 100 125 150 175
e liquid loading/mL

8 16 24 32 40 48 56 64 72
B4 F% ) ] Culture time/h

A: ¥4hipH, B: UiJ¥, C. ¥FhE, D: FE, E: ¥, F. HIFRWH.
A initial pH; B: temperature; C: inoculum size; D: liquid loading; E: rotating speed; F: culture time.
B3 FE#MNEpHE. BE. BME. ZRE. HEMIEFIENE FI17-4 KBNS

Fig.3 Effects of initial pH, temperature, inoculum concentration, liquid loading, rotating speed, and culture time on FJ17-4

fermentation

F3 FIT4ATRERNENHEFREELZE KOIIHHR

Table 3 Inhibitory effect of FJ17-4 cell-free fermentation filtrate on mycelial growth of Fusarium oxysporum f. sp. cucumerinum

Wk HER i RR 7 R ENE
Treatments Colony Inhibition Difference significance
diameter/cm effect/% (P<<0.05)
10f5 004k 5 JE B & B3 10 times optimized sterile fermentation filtrate 4.90+0.38 42354213 a
1015 FEREIEFRIE (LB) JCTEJE 10 times sterile fermentation filtrate of basic medium (LB) 6.240.29 27.08+1.45 b
TCTE KXt B Sterile water 8.5040.46 / /

a: R RARAL G BRI UE ;b BEAL (JRAR) HF IR 5 W VB s
c: THIK.
a: cell-free filtrate of optimized fermentation broth; b: cell-free filtrate of
original fermentation broth; c: sterile water.
B4 FEEIERNERNHEERE FOC-1 B4 KHNHIER
Fig. 4 Inhibitory effect of cell-free fermentation filtrate on
mycelium growth of FOC-1

0.05). AR 100 f5 )5, Ak S5 JC B & W i A 5k
il 1% % B T TR 2 TR 0 V0 X 43 A 6 7 % 1 4T o 2k SR
Z 25 (P<0.05), #HZ5350 R 75.26% il
72.12%, HRAJE TC A K U8 W T E AT TR TR 43 A 4
Tl & AR R 1 St s 5 L0 B R RV

FNFHPR AR AR RN (£S5, K 5), 10

AL BB . SO MR AL R B . 50 A% L aih 4% 55 2k
R ERFN 2000 %5 98% WEZ R AT i 453 77 X 8 TR 229
YHEA —EBIaIER, BiiGRCR 53518 73.68%.
72.14%. 63.58% Fl1 69.73% , 10 54k & BEW . 50
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F4 FI7-4 TERERNEANRERE S EBRFHREIEIHR

Table 4 Inhibitory effect of FJ17-4 cell-free fermentation filtrate on conidial germination of F. oxysporum f. sp. cucumerinum

ghm T HIR R 7 mEN
Treatments Spore germination Inhibition Difference significance

rate /% effect /%) (P<<0.05)
SORFHAL 5 o R R B 50 times optimized sterile fermentation filtrate 13.13£0.76 85.324+0.35 a
SOfs iR 7L (LB) JEHUEHE 50 times sterile fermentation filtrate of basic medium (LB) 14.8241.03 83.43+1.44 a
100f5 At J5 o B K B SIE MR 100 times optimized sterile fermentation filtrate 22.14+1.41 75.261+0.24 b
10015t Er 77 3 (LB) JEH €WK 100 times sterile fermentation filtrate of basic medium (LB) 24.93+1.22 72.12+0.36 c
Te /KX Sterile water 89.42+2.43 / /

FE5 P Ak 2 T2 0T #8 T A 25 0 B 3 208 2R 22 0] 25 5 1 3%
(P<0.05) . TEAHREMEEC (5045 ) &, ik & memfn
FERERT SRR B B IACR Z M 22 7 B (P<<0.05),

Ak A 1 WY B 36 AR B T S A b 5 R
W, BET 13.46%.

R5 FI7-4 REBRMENEEROEAZRPARR

Table 5 Control effect of FJ17-4 fermentation broth on cucumber fusarium wilt in potted experiment

pisel

Treatments

10f548 1L & B 10 times optimized fermentation broth
SORFHR AL R BT 50 times optimized fermentation broth

S0 3l R 7R FE KB 50 times basic medium fermentation broth
2000£798% M55 R AT #3771 2000 times 98% hymexazol soluble powder

JCHE KK} Sterile water

RIAH IRERES P TE
Incidence rate/% Control effect /% Difference significance (P<<0.05)
24.02+0.86 73.68£0.52 a
24.51+1.12 72.1410.36 b
33.24+2.13 63.58+1.23 d
27.62+1.79 69.731+0.54 c
91.26+3.26 / /

AER A D: WK B 50 fiF SRR 97 5L R ML
A: 50X optimized fermentation broth; B: 10X optimized fermentation broth;

C: 2000 X 98% hymexazol soluble powder; D: sterile water; F: 50 X original
fermentation broth.

B 5 REERMAMEERIIBABR
Fig. 5 Control effects of fermentation broth on cucumber

fusarium wilt

3 kLS

AHIF5E X TR PR FI17-4 % % 15 77 5 Rk T 2 A1 e
PR AL LS BRI, FI7-4 i R R F e A
WEM 125 gL, EAM 50 gL', KHPO, 125

gL', AR BT PG pHT.0, K BEEE 30 C,
%W B 50 mL/250 mL (20% ), #EFPE 12.5%, #%E
180 rmin ', K EEHTH] 40 ho TH Ak FI17-4 76 R BEHG 57
S K 1 S F A AL % 8% 24 h RE I 9 ODyggq 18 L
FESERE G IR b R AR R T 25.26%, AL & B
S AR B R D T 22 A KR AR TR R
004 238 K B PN ZE AR D7 VAR RIOR 18 e T R B R A R
W, Horp AR S K T RO e T T A 22 A R R
1 56.38%, FEFHCRECH WE .

WA R W2 R4S K it B AR = Y Bl AN TR
KSR FRIME RS QR . 9146 pH. i fl
VI PRI A ) T I R R BR AR g e T
TEAE W) R B R T bR T 2% 08 B bR 7 W 1 77 i 4
I X K T JRAS AT £ o BT RN PEAY A RE O i 2R
1538 ‘B0 F bR B bk A T A0 B Ak R iR R U,
FI17-4 J T 35 A% B e . 0 TR R T ML ER O 6 245 2R 1
N, Bk, BEERA K HPO, /5 & B 35 3k 2
TG P i TR R AT AR A B i i, T R R KR R
MBIRESY, BT & AWK FI7-4 4K n
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W AURAL, A FI17-4 5 I o AR K MEE (MBEZE) (iturin) . FJRE (FFEZE)
Fo S0P BE B D13 T 2 A 6T R & 8 9R 3 (fengycin ) FIFE M 1E M (surfactin) %27, K
. ZEUBERITCHLER AR LU, RO RN R Y R 2R, 0 AL ZEF AT i % I 5% 77 5 41 Rl 43 AN &

W R R =5, BA MRN8 Mg s
B AP AAR S, KoHPO, AL A A% A XA
B AL TRk, DL b A RHR A B TR bR FI17-4 99 KAk
AT R A=

T R BERCRBR T 5 R R IR A L,
5 R WA IR G, B MR D) 1 B A TR AR A AR AR
BRZES . FINT-4 K EEAAEGAL . Tk & P b
pH7.0 5ol B R bk B, ST % BT 4 AL
i T2 O B 22 4 3 A A R AL . FUL7-4 de kK I
TR 30 °C, 5K ECF A B Id & e IR A —
B0, 30 BRI R PR AR P A S il A 5 3 25 M T
o E R BRI R
R Z—, Bfh il 5 5 il vk & ek AR KR
BOWMR . KRR, SEUE S RAR N, B
et 2o W0 575 3 B T RAR Z R RPN L B SR IR
i B T AR RN A o 22 AR B, DA T BEL RS B R 2
KA 3 B0 s, Rl i 12.5% I, B bk
FI17-4 & R R B i, 50 ) 200 A sve s 1) e
9% 26 W38 ‘B DL 3ET ZEAUAT B TCS001 ., HC-8 & P fefE:
PR 0 3% A1 0.1% M 45 RAFTER K& 5, X
]R8 55 DU 25 TR B B b 14 SR RS [l R B A A
Py R G, RS AR AT AT L R 1 R A
P PEIR S A R B R R A O,
T BE U AR R U AR B R IR
R = W B ALK o TRIRE FI17-4 SR 0 & B 2R T
o T R4 3 43 91 2 50 mL/250 mL (20% ) F1 180
remin |, 22 IR 25 IR A v AR R A R T
WAAEK, VIUIE kR FI17-4 MR T, BRI K
A RRE R AR, S Rk oy
g5, (AFRRFL S T 180 rmin | S5, FI17-4 &
T YR TR AR 114 v I A R I I A R T R
AT RE o R AR T R BEW R Y (autolysin)
ORI, X RN R T A . R A FI17-4
K 40 h AR T B, AR eI AU p it R
(48h) 4% T 8 h, X A FEAR & WAL A 4R AL T 4 A
1

25 R TR 7E B 16 FE 9 T T BR T O AR R 4
FIAEFAAL, BB 430 T BRI ke 3 A L TR AR
FH, IR 5 7 i v MO R M B R ) 2 B R,
ZF AT TR 3 00 T 5 SR T LA A a1 4 5 A
¥ ZEME (subtilisin) . Yndj £ 1 ( Yndj protein )
BB R (subtilosin) . FFE ZE (bacillomycin ) ,

i A T Al 2 R R A AR N, I 4R v T B ) B Y
7 R 2 G R Y 2 T 255 A4 7R
AR IR o, FI17-4 JC B & T 118 RO g J5
(R IR s € T e Vo [ AT e 9 S Py
B 5% S 0 e T A 0 T I TR bR i T e D T A R
T VEY) B B A B g, H 2R A AW
JECTE AU 5 DL o v T AR, L R ) B A
SFHRE AR E— P IRABIS SR

AHIF AR 520 % 25 AF T % VUSRI 27 J AT 7 FI17-4
KW IR LR BRI . R A DL 2 o A K 1 S
AR TR e . Pufe, PUAb)s mk R iR
PO R 2 3 P e, (LG A ) e T R i 5 LA
&L T AR R R RO A
N R YIRS, B LIZE Rk FI17-4 J5 2819/
P R BERIT TS Fh, 3 5 0] K T 14 K T i 5
T W A A HR 2 B A T o T e W A e 3
A REARAT SO A B (9 A EIR AR, W R BR FI17-4
9 Tl A 7= S AR 22 AR A
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